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I 

lo  Summary 

In  [X]  we  considered  the  properties  of  trunjcated  life  tests  undos* 
the  assumption  that  the  underlying  life  distribution  is  exponential*  The 

purpose  of  this  report  is  to  furnish  some  tables  and  graphs  for  the  replace™ 

? 

raent  case  when  items  which  fall  are  replaced  at  once  by  new  items* 

The  underlying  probability  density  function  of  life  is  assumed 


throughout  to  be 


(1) 


-x/e 

f (x;0)  - * e , x > 0,  0 > 0. 


The  test  Is  started  with  n items  drawn  at  random  from  (1) » Any  item  which 

fails  is  replaced  at  once  by  a new  item  drawn  from  (1).  The  experiment  is 

truncated  at  time  T ■ rrdn(X  .Tj,  where  X is  the  time  (measured 

po»n  0 ro»n 

from  the  beginning  of  the  experiment)  when  the  ro’th  failure  occurs  and  TQ 
is  a truncation  time  beyond  which  the  experiment  is  not  permitted  to  run* 


'<U 

* 
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2 ° Recapitulation  of  Necessary  Formulae 

1V--  recall  certain  results  proved  in  [1]  concerning  the  truncated 
replacement  situationo  Brie  fly,  it  was  shown  that  Pr(r*k|9),  the  probability 
of  reaching  a decision  which  requires  exactly  k failures  is  given  by 


(2) 

and 

(3) 


Pr(r*k|9)  - p(kj 


k * Ojl* 2, o . .,rQ“l 


tn~ 1 


Mr-r  |e)  - 1 - iz  P«tJ  AJ> 


k-4 


k “ ^9  / 

where  p(k$  Afl)  " Afl  e /kl  and  A0  " nTQ/9c 


0"  9 


hhile  E (r),  the  expected  number  of  observations  required  to  reach  a decision 
0 

can  be  written  down  at  once  from  the  definition  of  expectation,  it  i3  useful 
for  computational  reasons  to  use  the  formula 


Ui) 


V1*)  * Aq 


- 

- ~ 

r -2 

fc  P(kj  \) 

k-0  v J 

L.  «* 

+ ro 

r_“l 

P(kj  ?0 

wo  10  J 

In  this  form  one  can  use  liolina's  tables  on  the  Poisson  distribution  [2]» 
Fux’ther  E (C),  the  expected  waiting  time  to  reach  a decision,  is  related  to 

v 

EA(r)o  by  the  fomula 

(5)  EQ(T)  » jj  E0(r) . 

A useful  quantity  to  tabulate  is  the  ratio  Eq(T)/T_  (this  must  obviously  be 

U O 

^ l)o  Prom  the  definition  of  A0  and  (5)  it  follows  at  once  that 


{6) 


Eq(T)A0  - Ee(r)/AQ 


Suppose  we  use  the  following  rule  of  action* 


(i)  If  min(X  „T  ) * X (i.e.,  r_  failures  occur  before  time  X ), 

r0,n  o r^,n  w 0 

reject  the  hypothesis  that  0 ■ 0 a 

o 

(ii)  If  min(X  ,T  ) " T (i.e.,  the  r $th  failure  occurs  after  time  T }a 

rQ#n  o o o c 

accept  the  hypothesis  that  0 ■ 0^#  Then  L(0)^\  the  probability  of  accepting 

9 o 0 when  0 is  the  true  value,  is  simply 

© 

(7)  L(6)  - fZ  P(k3  >b)“ 

k-0 

It  is  convenient  to  express  various  features  of  the  tost  procedures 

in  terms  of  the  dimensionless  parameter  |A  » nT^/0 0 In  Table  1 we  giv® 

I*  (70*  E ^(r),  and  E -.(Tj/T  for  r ■1(1)20(5)100.  Graphs  of  each  of  these 

o o 

functions  are  given  for  r » 1(1)10(5)25  in  Figures  1,2,  and  3 . The  tables 
and  figures  are  useful  in  all  cases  where  rQ,  Tq,  and  n are  preassigned * 

The  extension  of  the  tables  beyond  the  values  tabulated  can  be  easily  per** 
formed,  since  for  sufficiently  small  A , E^(r)~^  and  E ^(T)/T  ^1. 

For  sufficiently  large  A*  E^(r)  * rQ,  and  E^(T)A0  «(t0/Ao 

It  often  happens  in  practice  that  it  is  important  to  preassign  the 
truncation  time  Tq0  This  involves  finding  a truncated  replacement  test 
('lc,e<,P  a suitable  rQ  and  n)  v/hose  operating  characteristic  curve  is  such  that 
^(®0)  “ l~e  and  L(6^ ) {3($Q  > 0^)o  Now  it  can  easily  be  shown  that  the 


(1)  1(0)  is  the  ordinate  of  the  operating  characteristic  curve  of  the  test 

procedure  a 


-ir 

(2) 

bestx  ' acceptance  region  (of  size  a)  for  HQ  based  on  the  first  r out  of  n 
failures,  is  for  preassigned  r and  n,  given  by  1 

m 2 

(8)  X >C*e  A,  (2r)/2n. 

r,n  o ’ 1-a 

In  order  that  the  test  based  on  this  acceptance  region  have  an  operating 

characteristic  curve  for  which  L(0q)  * 1-a  and  L(Q^) ~ B,  we  need  to  choose 

r suitably „ The  appropriate  values  for  r (which  we  call  r ) are  given  in 

Table  2„  A decision  rule  based  on  (8)  is  clearly  truncated  with  truncation 

time  Co  In  order  to  truncate  experimentation  at  min[Xr  n»Tc3  it  is 

o' 

necessary  to  choose  n suitably*  For  all  practical  purposes  one  can  choose 
n as 

(?)  a • US  (2ro>/2To  . 

where  [x]  means  the  greatest  integer  ^ x„  If  this  value  of  n is  used,  it 
is  easy  to  verify  that  using  Xy  n as  the  acceptance  region  for  Hq  will 

O*  /j  \ 

result  in  having  L(0O)  ^ 1-a,  but  might  in  sane  cases  be  slightly  p 0 

It  is  interesting  to  note  that  the  appropriate  n (for  fixed  a and  p)  is 


(2)  In  the  sense  of  Neyman  and  Pearson,. 

(3)  We  denote  a chi-square  variable  vdth  n degrees  of  freedom  as  0^  and 


define  T ^ such  that  > >1 ) * r as  ^ " A (n)« 


n 


di)  This  could  be  avoided  easily  by  giving  the  experimenter  the  freedom  to  use 

*yo 

instead  of  TQ,  the  slightly  larger  truncation  time  T£  * 9o  A_  (2roJ/n» 


where  n is  given  by  (?)<>  The  test  based  on  using  X 


r0,n 


l-o 
> T"  as 


acceptance  region  for  H0  will  have  L(0_)  ■ 1-a  and  L(0* ) 4.p0  If  one 
uses  n+1  items  throughout  the  test,  then  one  could  use  instead  of  T , the 

..  2 / ° 
sli^itly  smaller  truncation  tine  T£  * 0Q  (2rQy  (n+l)«  The  test 


based  on  using  Xr  ^ as  acceptance  region  for  Hq  will  have 
L(0O)  « 1-a  and  1,(0^  £ pe 


“5- 


inversaly  proportional  to  the  tire  of  truncation,  Tq.  Thus,  e.g,,  to  reduce 
the  truncation  time  by  a factor  of  two  requires  doubling  n0 

Problem  1.  A sample  of  20  tubes  is  drawn  at  random  from  a lot 
whose  life  is  assumed  to  follow  the  exponential  density  (1).  Tubes  that  fail 
are  replaced  at  once  by  new  tubes  drawn  from  the  lot.  The  following  rule  of 
action  i3  followed*  If  2 failures  occur  before  5 00  hours  have  elapsed,  the 

test  is  stopped  as  soon  as  the  second  failure  has  occurred  and  the  lot  is 

• * 

rejected.  If,  however,  500  hours  have  elapsed  before  2 failures  have  occurred^ 
the  test  is  stopped  at  500  hours  and  the  lot  is  accepted. 

Question  1*  What  is  the  probability  of  accepting  a lot  whose  mean 
life  9 ■ 2000  hours?  What  is  the  expected  number  of  hours  required  to  make 
the  decision  if  0 * 2000?  How  many  items  will  be  failed  on  the  average  if 
9 • 2000?  Using  Table  1 and  noting  that  n * 20,  rQ  * 2,  and  TQ  » 500,  it  is 
(Hear  that  A * nTo/0  * 5>«  Hence  the  probability  of  accepting  a lot  with 
9 * 2000  is  oQlu  The  expected  waiting  time  to  reach  a decision  is  185  hours 
and  the  expected  number  of  failures  is  lo95o 

Question  2;  Same  as  question  1 for  0 * 10,000  hours.  In  this 
case  A*  1.  The  probability  of  accepting  the  lot  is  .736,  the  expected 
waiting  time  is  1*1(8  hours,  and  the  expected  number  of  items  failed  before 
reaching  a decision  is  .896. 

Question  3 1 How  large  should  0 be  in  order  that  there  be  a 
probability  that  a lot  with  mean  life  0 is  accepted  %%  of  the  time?  It  is 
easy  to  compute  that  this  requires  A ■ ,355*  Hence  from  the  relation 
A - uTq/0,  it  follows  that  0 ■ 10,000/.355  * 28,170,  Hence  a lot  vdth  a 
mean  life  of  28,170  is  accepted  9$%  of  the  time  by  this  plan. 


Question  hi  Same  as  3*  except  that  we  want  the  lot  rejected  95% 
of  the  time.  This  requires  % * 1|«7$  and  0 ■ 210$  hours.  Hence  a lot 
having  a mean  life  of  210$  hours  will  be  rejected  by  this  plan  95%  of  the 
time. 


Problem  2»  Find  a truncated  replacement  plan  for  which  Tp  ■ 200, 
and  which  will  accept  a lot  with  a mean  life  of  3000  hours,  90/J  of  the  time, 
and  reject  a lot  with  a mean  life  of  1000  hours,  90%  of  the  time.  In  this 
case  0Q  - 3000,  0^  * 1000,  a • p - .1.  Since  e<A  * 3,  it  follows  from 


Table  2 that  rQ  * 6.  Consequently 


n*  k , 

mm 


(12) /boo  . .ossai&ai 


itOO 


Thus  the  following  truncated  replacement  plan  should  be  used*  Start  with 
n * 1(7  items.  As  soon  as  any  item  fails,  replace  it  by  a new  one.  Accept 
the  lot  if  min  , ni  20oj  ■ 200  and  reject  the  lot  if 

min  IX.  . 200  1 ■ X.  . _.  If  the  lot  is  rejected  experimentation  is  stopped 


[ \ur  2“] 


6,hf 


at  X6  the  time  of  occurrence  of  the  sixth  failure, 
verified  that  this  plan  meets  the  conditions  specified. 


It  is  readily 
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FIGURE  £ ■■  EXPECTED  NUMBER  OF  FMJRES  REQUIRED  TO  RBCH  A DECISION  IN  TRUNCATED  REPLACEMENT  LIFE  TESTS 


FIGURE  -3  '•  EXPECTED  WAITING  TIME  TO  REACH  A DECISION  IN  TRUNCATED  REPLACEMENT  LIFE  TESTS 


Table  1 


Characteristics  of  Truncated  Replacement  Procedures 
in  the  Exponential  Cass 


A *»  mjQ 

L(A) 

EA(r) 

E^(T)/T 

»og5 

.995 

«oo5 

.998 

o01 

.990 

.010 

.995 

.05 

.951 

.01|9 

.975 

ol 

.905 

.095 

.952 

02 

.819 

.181 

.906 

o3 

,710. 

.259 

.86ii 

oil 

.670 

.330 

.821+ 

.5 

.607 

.393 

.787 

o7 

.U97 

.503 

.719 

loO 

.368 

.632 

.632 

1.5 

.223 

.777 

.518 

2.0 

.335 

.865 

.1|32 

3.0 

.050 

.95'  0 

.317 

ii.O 

.018 

.982 

o2\6 

5,o 

.007 

.993 

.199 

10.0 

.000 

1.000 

.100 

* The  description  of  the  teat  procedure  is  given  in  Sections  1 and  2 
of  this  report.  The  definitions  of  rQ,  Tq,  /\  , and  formulae  for  L(70» 

E^(r),  and  E^(T)A0  are  given  in  Section  2.  A more  detailed  development 
of  the  underlying  mathematics  is  given  in  [1J. 


r - 2 
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'h  * nTc/e 

L(» 

EA(r) 

Ea(T)/T, 

oOl 

1.000 

.010 

1.000 

.1 

=995 

.100 

.998 

02 

=982 

.199 

.994 

.3 

.96 3 

.296 

.987 

oh 

.938 

.391 

.978 

.5 

.910 

.484 

.967 

ol 

.844 

.659 

.942 

1.0 

.736 

.896 

.896 

1.5 

.558 

1.230 

.820 

2.0 

.406 

1.459 

.729 

2.5 

.287 

1.631 

.652 

3o0 

.199 

1.751 

.584 

4.0 

.092 

1.890 

.473 

5.o 

.040 

1.953 

o39l 

10.0 


,000 


1 .999 


200 


ro"3 


^ * nT^e 

L(?0 

.1 

1,000 

0 3 

.996 

,5 

,986 

,7 

,966 

loQ 

,920 

1,5 

r ,809 

2,0 

,677 

2,5 

»5hh 

3,0 

,1*23 

3,5 

,321 

koO 

,238 

5,o 

™ ,2425 

7,0 

,030 

10,0 

,003 

E^(r) 

,100 

1,000 

,300 

,999 

,1*98 

,996 

,693 

,991 

,977 

,977 

1,1*10 

,91*0 

1,782 

,891 

2,087 

,835 

2,328 

,776 

2,513 

.718 

2.652 

,663 

2,828 

.566 

2,962 

oli23 

2,997 

,300 

r0»k 


» nT  /0 

L(70 

E^(r) 

E Jp)/' 

02 

1.000 

.200 

1.000 

.5 

.998 

.500 

1,000 

«7 

*99h 

.699 

.999 

loO 

*981 

.996 

.996 

1.5 

1476 

.98it 

2o0 

.857 

1,925 

.96 2 

2.5 

.758 

2.329 

.932 

3.0 

Mil 

2,661 

.8& 

3.5 

o537 

2o9?6 

.850 

oi»33 

3.219 

.805 

U.5 

o3ij2 

3olj3.2 

.758 

5.0 

<,265 

3,563 

.713 

6oO 

ol53. 

3.76? 

.626 

7*0 

.082 

3,880 

.55a 

8*0 

oOU2 

3.9ai 

493 

9*0 

o021 

3.971 

.aax 

10.0 

o010 

3.986 

.399 

12  oO 

o002 

3.997 

.333 

15  oO 

,000 

a,  ooo 

.267 

ro"5 


?*  » nT  /0 
o' 

LOO 

Vr) 

E^(T)/T 

.5 

1.000 

.5oo 

1.000 

loO 

.997 

o 999 

.999 

1.5 

.981 

l.l*9l* 

.996 

2.0 

.9a 

1.983 

.991 

' 2„5 

,891 

2.1*38 

.975 

3o0 

.815 

2.861* 

.955 

3.5 

.725 

3.251 

.929 

i*.0 

.629 

3.590 

.897 

Uo5 

.532 

3.880 

.862 

5.o 

•W*o 

i*J.23 

.825 

5»5 

.358 

1*.322 

.786 

6.0 

.285 

It  .1*82 

.7a 

7.0 

.173 

U.707 

.672 

8o0 

.100 

it.sa 

.605 

9.0 

.055 

1*.916 

.51*6 

10.0 

.029 

i*.957 

.1*96 

15.0 

.0CEL 

5.000 

.333 

20.0 

.000 

5.000 

.250 

* nT  /$ 
o 

L(7l) 

E-^(r) 

E;*(T)A 

.5 

1.000 

.5oo 

loOOO 

1.0 

o999 

1.000 

1.000 

2.0 

.983 

1.994 

.997 

3o0 

.916 

2.949 

.983 

3,15 

.858 

3.3  93 

.970 

li«0 

o?85 

3.805 

.951 

iuS 

.703 

li  ol77 

.928 

5.0 

.616 

4.507 

.901 

5.5 

.529 

4.793 

.871 

6„0 

.446 

5.036 

.839 

6.5 

o369 

5 .240 

.806 

7o0 

«301 

5.4o? 

.772 

8o0 

.191 

5.650 

.706 

9oO 

.116* 

5.801 

.645 

19.0 

.067 

5.890 

.589 

15.0 

.003 

5.998 

.400 
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^ * nT^e 

L(^) 

E ^(r) 

E^(T)A0 

loO 

1=000 

1=000 

1,000 

2o0 

=995 

1=999 

,999 

3=0 

,966 

2,983 

,994 

4=0 

=889 

3,915 

=979 

5=  0 

=762 

4=745 

=949 

5=5 

=686 

5=107 

,929 

6=0 

=606 

5=430 

=905 

6= 5 

=527 

5,713 

,879 

7=0 

=450 

5=957 

,851 

8,0 

=313 

6=336 

,792 

9=0 

,20? 

6=594 

=733 

10,0 

=130 

6,760 

=676 

12,0 

=046 

6,923 

=577 

15 »o  - , 

,008 

6,990 

=466 

=350 


20=0 


,000 


7=000 


is  »(*)A, 


ro-8 


- nT  /6 
cr 

L(70 

E ^(r) 

1.0 

1.000 

1.000 

2.0 

.999 

2.000 

3oO 

.988 

2.995 

hoO 

.9U9 

3.966 

5.0 

.867 

ii.877 

6.Q 

.?i|l4 

5.821 

6.5 

.673 

5.980 

7.0 

.599 

6.358 

7.5 

.525 

6.639 

8o0 

.Ii53 

6.883 

9.0 

.32U 

7.270 

10„0 

.220 

7.510 

n.o 

.1)43 

7.719 

12.0 

.090 

7.83)4 

13  oO 

.051; 

7.90)4 

1)4.0 

.032 

7.9)46 

i5.o 

.018 

7.972 

17.0 

.005 

7.992 

2O0Q 

=oca 

7.999 

25.0 

.000 

8.000 

1.000 

loOOp 

.998 

.992 

.975 

.970 

.920 

.908 

0885 

086O 

.808 

*7$k 

.702 

.653 

.608 

.568 

.531 

oltfO 

oiiOO 

.320 


*0  ■ 9 


I 

I 


! 


2 « n?o/e 

LCA) 

2,0 

1.000 

3«o 

*996 

1*,0 

.979 

5oO 

.932 

6.0 

o 

03 

£r 

6„? 

.792 

7«0 

.729 

7.5 

.662 

8„0 

.593 

8,5 

.523 

9.0 

.1*56 

10,0 

.333 

lloO 

,232 

12,0 

.155 

13.0 

.100 

liioO 

.062 

15.0 

.037 

17*0 

.013 

20,0 

.002 

25.0 

.000 

E*(r) 

E^OD/T 

2,000 

1,000 

2.999 

1.000 

3.988 

.997 

l*.9l*6 

.989 

5.839 

.973 

6.21*9 

,961 

6.629 

.91*7 

6,977 

,930 

7.291 

.911 

7.570 

.891 

7.818 

,869 

8.207 

,8a 

8.1*87 

.772 

8,679 

.723 

8.805 

.677 

8.881* 

.635 

8.933 

.596 

8,979 

.528 

8.997 

.1*50 

9.000 

.360 
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r0  - 11 


7\  a riTjQ 

L(A  ) 

E (r) 

VT)/T< 

2oO 

1,OCO 

2,000 

1.000 

3.0 

1,000 

3,000 

1,000 

1*,0 

,997 

3,999 

1,000 

5.0 

,986 

1*.992 

.998 

6,0 

,95? 

5,965 

.991* 

' 7,0 

,901 

6,897 

.985 

8,0 

,816 

7,76.3 

,970 

9.0 

,706 

8,521 

,91}? 

10.0 

,583 

9,166 

,917 

11,0 

J.*6o 

9,68? 

,881 

12,0 

,31+7 

10,089 

13,0 

,252 

10.387 

,799 

liuO 

,176 

10.599 

.757 

i5,o 

,118 

10,71*5 

.716 

17,0 

,01*9 

10,901* 

,61*1 

20,0 

,011 

10.981 

.51*9 

25,0 

,001 

10.999 

.1*1*0 

30,0 

,000 

11,000 

.367 

% 


r *•  12 
o 


i » nT  /& 
0 

L(A) 

E^(r) 

ea(t)/t 

3.0 

loOOO 

3.000 

1.000 

I|oO 

.999 

ii.000 

1.000 

5.0 

.995 

*4.997 

.999 

6.0 

.980 

5.985 

.998 

7.0 

.9147 

6.951 

.993 

8.0 

.888 

7.870 

.983* 

9.0 

.803 

8,718 

.969 

10.0 

.697 

9.3469 

.9347 

11  oO 

.579 

10.108 

.919 

12.0 

462 

10.628 

.886 

13.0 

.353 

11.033* 

.83*9 

134.0 

.260 

11.3  39 

.810 

l$oO 

.185 

11.560 

.771 

17  *0 

.085 

11.817 

.695 

20  e0 

.021 

11.960 

0 598 

25»0 

oOCQ. 

11.998 

480 

30.0 

.000 

12.000 

400 

t 

i 


i,.. 


r - 13 
o 


nTo/6 

LU) 

h 

loOOO 

5 

.998 

6 

=991 

7 

=973 

8 

.936 

9 

=876 

10 

=792 

11 

=689 

12 

.576 

13 

.1*63 

1 h 

.358 

15 

.268 

17 

.135 

20 

.039 

25 

.003 

30 

.000 

Ea<r> 

e^(t)A, 

luooo 

1=000 

it  o 999 

1=000 

5.99it 

=999 

6=978 

=997 

7.931t 

.992 

8=8it2 

=982 

9.678 

.968 

10.1419 

=9lt7 

11.052 

.921 

11.571 

.890 

11.982 

.856 

12.292 

.819 

12.681* 

.7lt6 

12.921 

.61*6 

12.995 

.520 

13.000 

.ii33 

r ■ 1U 

o ^ 


» nTQ/9 

L(70 

E^(T)/T0 

h 

1.000 

iioOOO 

1.000 

5 

<,999 

5.000 

1.000 

6 

.996 

5.998 

1.000 

7 

.987 

,r  6.990 

.999 

8 

. *966 

7.968 

.99 6 

9 

>926 

8.916 

.991 

10 

o861i 

9.813 

.981 

n 

.781 

10.638 

.967 

12 

.682 

11.370 

.9ii8 

13 

.573 

11.998 

.923 

% 

Hi 

.l$6ii 

£ 3^.516 

.891* 

15 

.363 

12.929 

.862 

16 

.275 

13.2li7 

.828 

17 

.2d 

13.1*83 

.793 

18 

olli3 

13.65U 

.759 

19 

.098 

13.773 

.725 

20 

.066 

13.85U 

.693 

25 

.006 

13.988 

.560 

30 

.000 

13.999 

.167 

r - 15 
o 


?t  - nTo/6 

LOO 

EA(r) 

E *<*>/*„ 

5 

loOOO 

5.000 

1.000 

6 

<>999 

5.999 

1.000 

7 

.991* 

6.996 

•*»  . 1 

8 

.983 

7.985 

.998 

9 

.95  9 

8.957 

.995 

10 

.917 

9.897 

.990 

11 

p0S* 

10.781* 

.980 

12 

.772 

11.598 

.967 

13 

.675 

12.323 

.91*8 

11* 

.570 

12.91*6 

.925 

15 

.1*66 

13.1*63 

.898 

16 

.368 

13.879 

.867 

17 

.281 

11*. 202 

.835 

18 

.208 

U*. 1*1*6 

.803 

19 

.150 

11*  .623 

.770 

i 

i 

20 

.105 

11*.750 

.737 

22 

.01*8 

11*. 896 

.677 

25 

.012 

ll*.97l* 

.599 

i 

30 

.001 

lli.998 

.500 

35 

.000 

15.000 

.1)29 

ja 


T0  * 16 


' nT  /6 

O 

l(A) 

Ea<r> 

E^(T)/T 

.6' 

1,000 

5.0C0 

1.000 

6 

o999 

6,ooo 

lodoo 

7 

.998 

6,998 

1,000 

8 

o992 

7.991* 

.999 

9 

.978 

8,979 

.998 

10 

.951 

9,91*5 

,995 

11 

.907 

10,876 

.989 

12 

.81*1* 

11.751* 

.979 

13 

•76k 

12,559 

,966 

XU 

.66  9 

13.276 

.931* 

15 

.568 

13.895 

,926 

16 

J*67 

11.103 

.901 

17 

.371 

11*.  831 

.872 

18 

,287 

15.159 

.81*2 

19 

«2i5 

15.1*09 

,811 

20 

.157 

15.593 

.780 

22 

.077 

15.819 

.719 

25 

.022 

15.953 

.638 

27 

.009 

15.983 

.592 

30 

.002 

15.996 

.533 

35 

.000 

16.000 

,1*57 

'Ir  ■» 2SBBsassssz\ ; w : - - — - - — * - - - *;  ^ 

•.*  - — — Y* 


r - 17 
o 


7<  - nT^e 

L(2) 

E^(r) 

E^(T)/T 

6 

loOOO 

6.000 

1.000 

7 

.999 

6.999 

loOOO 

8 

o996 

7.997 

1.000 

9 

o989 

8.990 

.999 

10 

.973 

9.972 

.997 

11 

.914* 

10.932 

.991* 

12 

.899 

11.856 

.988 

13 

.835 

12,721* 

.979 

lit 

.756 

13.520 

.966 

15 

.666 

llt.197 

.,91*6 

16 

.566 

114.81*7 

.928 

17 

.1*68 

15.363 

.901* 

18 

.375 

15.781* 

.877 

19 

.292 

16.117 

.81*8 

20 

.221 

16.372 

.819 

22 

.117 

16.702 

.7  59 

25 

.038 

16,916 

.677 

27 

o016 

16.967 

.628 

30 

,00i» 

16.993 

.566 

35 

.000 

17.00*0 

.1*86 

m 


•f 


r « 18 
o 


• nTa/G 

L(7V) 

S^(r) 

E^(T)/T 

7 

loOOO 

7.000 

1.000 

8 

o998 

7.995 

1.000 

9 

o995 

8.996 

1.000 

10 

.986 

9.98? 

a 999 

n 

o 968 

10.964 

.997 

12 

.937 

11.918 

.993 

13 

.890 

12.832 

.987 

1U 

.827 

13.693 

.978 

13 

o7i)9 

14.512 

.96? 

16 

*659 

15.187 

.949 

17 

.564 

15.799 

.929 

18 

.469 

16.315 

.906 

19 

o378 

16.738 

J38X 

20 

o297 

17.07? 

.85^ 

21 

o227 

17.336 

.826 

22 

o!69 

17.533 

.797 

23 

ol23 

17.678 

.769 

2U 

.087 

17.782 

.741 

23 

o060 

17.930 

.717 

27 

.027 

17.939 

.664 

30 

.007 

17.985 

.600 

35 

.001 

17.999 

.514 

i*o 

.000 

18.000 

.450 

...  k 


1 


- .« 


f 


* r(Ta/e 

L(3) 

E>w 

E ^(T)/T 

7 

1.000 

7.000 

1,000 

8 . 

.999 

8.000 

1.000 

9 

.998 

8,998 

1,000 

10 

.993 

9.991 

.999 

11 

.982 

10.982 

.998 

12 

.963 

11.933 

.996 

13 

.930 

12.903 

.993 

U 

.883 

13.8L1 

,986 

13 

.819 

lii.6'3 

.978 

16 

.7ii2 

l5.iii*5 

,963 

17 

.633 

16.11*1* 

.930 

18 

.562 

16.753 

1 p 

.931 

19 

.1*69 

17.269 

.909 

20 

.381 

17.691* 

.883 

21 

.302 

18.031* 

.8  39 

22 

.232 

18.300 

.832 

23 

.173 

18.503 

c80l* 

2 h 

.128 

18.631* 

.777 

23 

.092 

18.763 

.731 

27 

•OWt 

18.895 

,700 

30 

.013 

18.972 

,632 

33 

.001 

18,998 

.31*3 

Uo 

.000 

19.000 

,1*75 

\ 


*0  • 25 


* n?Q/0 

L(  5*) 

Ea(r) 

2^(T)/T 

11 

loOOO 

11.000 

1.000 

12 

.999 

11.999 

loOOO 

13 

.998 

12.998 

loOOO 

lit 

.995 

13.995 

1.000 

15' 

o989 

lit.  987 

.999 

16 

<>978 

15.971 

.998 

17 

.959 

16.91*0 

.996 

18 

.932 

17*887 

.991* 

19 

<,893 

18.800 

.989 

20 

.81*3 

19.669 

.983 

21 

o?82 

20.1*83 

.975 

22 

.712 

21.230 

.965 

23 

.635 

21.901* 

.952 

2i* 

.551* 

22.1*98 

.937 

25 

.1*73 

23.012 

.920 

26 

.396 

23.1*1*6 

.902 

27 

.32]* 

23.806 

.882 

28 

.260 

2l*.097 

.861 

29 

.201* 

21*  .328 

.839 

30 

.157 

2l*.508 

.817 

35 

.032 

2lt.9l8 

.712 

1*0 

.001; 

21*. 990 

.625 

15 

.000 

2 U.999 

.556 

^ a 30 


* nT./S 

\jr 

L(a) 

E _(r) 
A 

E^(T)/T 

15 

loOOO 

15.000 

1,000 

16 

o999 

15,999 

1,000 

1? 

.997 

16,997 

1,000 

18 

,991+ 

17 o 993 

1.000 

19 

o988 

18,981+ 

• 999 

20 

,978 

19,968 

,998 

21 

,963 

20,939 

,997 

22 

,91+0 

21,891 

,995 

23 

,908 

22,815 

,992 

2h 

,868 

23.701+ 

,988 

25 

,818 

21+ ,51+8 

.982 

26 

,7 59 

25.337 

,975 

27 

A 93 

26.061+ 

,965 

28 

,623 

26,723 

.951+ 

29 

.51+9 

27,30 9 

,91+2 

30 

,1+76 

27,821 

,92? 

31 

,1+05 

28.261 

,912 

32 

,338 

28.632 

,895 

33 

»**#  1 

28,939 

.877 

31+ 

,221+ 

29,189 

,858 

33 

.17? 

29,388 

.831 

37 

006 

29,666 

,802 

ilO 

,01+3 

29,878 

.71+7 

1+5 

,007 

29,982 

■ .666 

30 

oOOl 

29,998 

.600 

60 

oOOO 

30,000 

,5oo 

* f 


ft 


” n'':f/8 

L(A) 

E ^(r) 

E^(T)/T, 

20 

o 999 

19.998 

1.000 

22 

»99k 

21.991 

1.000 

25 

,966 

2k. 91*0 

.998 

26 

.9k7 

25.897 

.996 

27 

,921 

26.832 

.99k 

28 

,888 

27.738 

.951 

29 

.8k7 

28.598 

.986 

30 

o797 

29.1*28 

.981 

31 

,710- 

30.197 

.97k 

32 

.679 

30.908 

.966 

33 

.613 

31.555 

.956 

3k 

.51*5 

32.13k 

,9k5 

35 

.U78 

32 .6k5 

.933 

36 

<401 

33.090 

.919 

37 

33.k70 

.905 

38 

.291 

33.789 

.889 

39 

.21*0 

3k  .052* 

.873 

ko 

.191* 

3k. 270 

.857 

1*2 

.121 

3k.582 

.823 

k5 

.«l* 

3k.83k 

.77k 

5o 

.011 

3k. 972 

.699 

60 

.000 

35.000 

.583 

J 


/I  «*  nTj/S 

25 

2? 

3C 

32 

35 

36 

37 

38 
. 39 

Uo 

la 

1*2 

1*3 

10* 

1*5 

1*6 

1*7 

1*8 

1*9 

50 

55 

60 


r « 1*0 
o 


i.«70 

SA (r) 

E^(T)/T 

.997 

21*.  995 

1,000 

*969 

26.982 

.999 

.951* 

29,905 

.997 

.901* 

31.767 

,993 

.780 

31;  .309 

.980 

.726 

35.063 

,971* 

.668 

35.760 

.966 

O6o6 

36.3°? 

.958 

o51*2 

36.971 

.91*6 

.1*79 

37.1*82 

,937 

.1*17 

37.930 

.925 

.358 

38.317 

.912 

.303 

38.61*7  * 

.899 

,253 

38.925 

.885 

.208 

39.155 

.870 

.169 

39.310* 

,855 

.136 

39.1*96 

,81*0 

.107 

39.617 

,825 

.081* 

39.712 

,810 

.065 

39.786 

,796 

.0(15 

39.958 

,727 

.003 

39.991* 

.667 

,000 

1*0.000 

,571 

70 


rc  * 1*5 


“ nVc/e 

L(  A) 

E>(r) 

E^{T)/T 

30 

.991* 

29.990 

1.000 

35 

.91*1 

31*.  861* 

.996 

37 

.889 

36.698 

.992 

to 

.7  66 

39.193 

.980 

1*2 

0.658 

1*0.620 

.967 

1*1* 

.51*0 

1*1.819 

.950 

1*6 

«1*22 

1*2.780 

.930 

1*8 

.313 

1*3.512 

.90? 

50 

.221 

l*i*.0l*3 

.881 

52 

.11*8 

1*1*  .1*09 

.851* 

51* 

.095 

1*1*.  65o 

.82?  , 

56 

.058 

lilt  .800 

.800 

58 

.031* 

1*1*.  891 

.771* 

60 

.019 

1*1*  .91*2 

.71*9 

65 

.001* 

1*1*.990 

.692 

70 

.001 

1*1*  .999 

.61*3 

80 

.000 

l*5.ooo 

.563 

*i vr~* 


r - 5o 
0 

■ nT^S 

L(/0 

E^(r) 

E^(T)/T 

30 

. 999 

29.9S  9 

1.000 

33 

o990 

31.982 

.999 

10 

.930 

39.818 

.995 

12 

.875 

111. 626 

.991 

11 

.7  99 

13.301 

.981 

16 

.703 

ill. 808 

.971 

he 

.595 

16.108 

.pa 

5o 

.181 

17.181 

.911 

52 

.372 

18.036 

.921 

51 

.275 

18.680 

.9CQL 

56 

.191 

19.116 

.878 

58 

.131 

19.168 

.853 

6o 

.081 

19.680 

.828 

65 

o02U 

19.921 

.768 

70 

.005 

19.985 

.711 

80 

.000 

50.000 

.625 

r0-  55 


0 

* nTQ/0 

L(?0 

E^(r) 

E^(T)A, 

35 

. 999 

314.998 

1.000 

ko 

<>986 

39.971 

.999 

16 

*918 

Ui.769 

.995 

U7 

.862 

1^6.552 

.990 

50 

l;8o969 

.979 

52 

06J43 

50.357 

.968 

Sk 

*536 

51.537 

.9514 

56 

.li29 

52.501 

.938 

58 

.329 

53.258 

.918 

60 

.2U2 

53.827 

.897 

62 

.171 

514.237 

.87.5 

6k 

.116 

514.521 

.852 

66 

.075 

514.709 

.829 

68 

.di7 

514.829 

.806 

70 

.028 

514.903 

.7814 

75 

.007 

514.979 

.733 

80 

.oca 

514.996 

.687 

90 

.000 

55.000 

.611 

r * 60 


» nT  /e 
cr 

U;i) 

35 

1.000 

40 

a 998 

45 

o981 

5o 

.908 

52 

o 

CO 

54 

.776 

56 

.686 

58 

.586 

60 

.1+83 

62 

.383 

61+ 

.292 

66 

.232 

68 

.151 

70 

.102 

72 

.067 

75 

.033 

80 

.009 

90 

.000 

EA(D 

e?)(t)Ai 

35.000 

loOOC 

39.997 

loOOO 

41*. 958 

• 999 

1*9*  716 

c99h 

51.478 

.990 

53.10? 

.983 

54.571 

.974 

55.845 

.963 

56.914 

.949 

57.779 

.932 

58.451 

.933 

58.955 

.893 

59.317 

.872 

59.568 

.851 

59.735 

.830 

59.880 

.798 

59.972 

.750 

59.9>o 

.66? 

:.V  jT'7 


• .'-rr-,  —M:  a*.  >, 


r m 6$ 
o 


» tiTq/6 

LU) 

Vr) 

VT)/r< 

ho 

1*000 

1*0 0 000 

1.000 

1*5 

,99  7 

1*1*,995 

1.000 

50 

.976 

1*9.91*2 

.999 

55 

.898 

51*.  662 

.991* 

60 

. .721 

58.757 

.979 

62 

.632 

60.211* 

.970 

6k 

.533 

61.279 

.957 

66 

oit35 

62.21*7 

.91*3 

68 

.31*2 

62.1*27 

.918 

70 

.259 

63.620 

.909 

72 

.189 

61*.  067 

.890 

7k 

.131* 

61*  .388 

.870 

76 

.091 

61*.  610 

.850 

78  .. 

.060 

61*.  759 

.830 

,80 

.038 

61.855 

.811 

85 

.011 

61*.  961* 

.7 61* 

50 

.002 

61*.  993 

.722 

100 

,000 

65.000 

.650 

t 


i] 

I; 


* niye 

L(A) 

Ejjfr) 

E -j(T)/T 

45 

loOOO 

45.ooo 

1.000 

5o 

o999 

49.999 

1.000 

55 

o99h 

54-937 

1.000 

60 

*966 

59.903 

.998 

65 

.87  9 

64.548 

.993 

70 

.710 

68,454 

.978 

,72 

.623 

69.887 

.971 

7h 

.531 

7jLo04l 

.960 

76 

.439 

72.010 

eo 

0 

78 

.352 

72.800 

.933 

80 

.273 

73 -424 

.918 

82 

.205 

73.900 

.901 

84 

.150 

74.253 

.884 

86 

.105 

74.506 

.866 

88 

.072 

74.682 

.8  49 

90 

.048 

74.801 

.831 

95 

.oi5 

7 4.%5 

.78  9 

100 

.004 

74.98? 

.750 

no 

.000 

75.00 u 

.682 

x>  « 80 
o 


® nr  /e 
© 

L(5\) 

EjjCr) 

e^CD/t 

So 

1*000 

50,000 

1.000 

55 

.999 

51s 9- 8 

1.000 

60 

.992 

59.981 

1*000 

65 

o9C< l 

61.860 

.998 

?o 

0871 

69.190 

.993 

72 

.833 

71.176 

.98.9 

7h 

.712 

72.733 

.983 

76 

.662 

71.138 

.976 

78 

.575 

75.376 

■ 966 

30 

.185 

?6. 136 

.955 

88 

.398 

77.318 

.913 

81 

.31? 

78.031 

.929 

86 

t-SijS 

78,  SP'< 

>931, 

ivl 

4.83 

79.016 

*89* 

v* : 

79.331 

*881 

•>5 

.O'?  -• 

1 .771 

*810 

100 

•sOf-i 

Vo  933 

>7  * v 

JJ.O 

>002 

« .^.00313 

. / i / 

Is  ' 

.cor. 

.6*1*1 

r * 85 

o 


7\  » nTo/6 

UA) 

E^(r) 

ea(t)/t 

55 

loOOO 

55.ooo 

1.000 

60 

.999 

59.997 

1.000 

65 

.990 

61*  .975 

1.000 

70 

.955 

69.855 

.998 

?h 

0887  - 

73.555 

.991* 

76 

.836 

75.280 

o 991 

78 

.772 

76.889 

.986 

80 

.697 

78.360 

.980 

82 

.615 

79.671* 

.972 

81* 

.529 

80.818 

.962 

86 

.1*1*3 

81.790 

.9.51 

88 

.360 

82.592 

.939 

90 

.285 

83.236 

.925 

92 

.219 

83.738 

.910 

91* 

.161* 

81*  .119 

.895 

96 

.019 

81*  .1*00 

.879 

98 

.081* 

81*.601 

.863 

100 

.058 

8i*.7l*l 

c 

CD 

5 

105 

.023 

81i  .953 

.809 

no 

a 008 

81*.  99k 

.773 

125 

.000 

81*.  991 

068O 

f 


r - 90 

G 


* nT  /e 
0 

LQ) 

*7t(r> 

VT)A 

60 

1.000 

60.000 

1.000 

65 

o998 

61*  .996 

1.000 

70 

o988 

69,967 

1,000 

75 

.950 

71*.  829 

.998 

80 

*856 

79.371 

.992 

82 

o798 

81.026 

.988 

81* 

.730 

82.555 

.983 

86 

.653 

83.939 

.976 

88 

.570 

85.162 

.968 

90 

.1*86 

86.219 

.95 8^ 

92 

ol*03 

87.108 

.91*7 

91* 

.326 

87,836 

.931* 

96 

.257 

88.1*17 

.921 

98 

.196 

88.869 

.907 

100 

.11*6 

89.210 

.892 

105 

.065 

89,773 

.855 

110 

.085 

89.91*1 

.818 

125 

.001 

90.000 

.720 

I 


vK~»  Vs'ww^  i ••*.  M 


1 nT0/e 

r - 95 
0 

l(7U 

Vr> 

e^(t)A, 

65 

1=000 

65.000 

1=000 

70 

<,971 

69=991* 

1=000 

75 

=935 

7h=958 

=999 

80 

=9l*l* 

79=801 

=998 

82 

.901* 

81=661 

=996 

ei* 

=873 

83=l*li9 

=993 

86 

=821 

85=Hi6 

=990 

88 

=759 

86=727 

=986 

90 

=687 

88=171* 

=980 

92 

=609 

89=1*71 

=973 

91* 

.527 

90=608 

=961* 

96 

=1*1*6 

91=581 

=951* 

98 

=367 

92=393 

=91*3 

100 

=295 

93=055 

=931 

105 

=153 

91* =229 

=897 

110 

=071 

9iw66U 

=861 

125 

.003 

95=000 

=760 

r 


» nTo/9 

r - 100 
0 

l(A) 

E^(r) 

E -(T)/t 

70 

loOOO 

69,999 

loOOO 

75 

.991 

lk.992 

1.000 

80 

.983 

19  M 

,999 

85 

o939 

sk.m 

.991 

90 

,8i}2 

89.250 

.992 

92 

.785 

90.878 

.938 

9k 

.719 

92.383 

.983 

96 

.06 

93.718 

.977 

98 

.567 

9U.961 

.969 

100 

oliS7 

96.015 

.960 

105 

.296 

98.035 

.931} 

110 

.158 

99.169 

,902 

125 

oOll 

99.983 

,800 

l5o 

.000 

100.000 

,667 

